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This invention may be manufactured and used by or for
the Government for governmental purposes without the
payment to me of any royalty thereon.

This invention relates to an instrument for measuring
and recording the vibrations. of a mechanical system.

An object of -this invention is to provide a vibration
measuring and recording instrument which may be uti-

lized in the design of an accelerometer, a velocity

meter, a displacement meter or the like.

Another object of this invention is to provide an
instrument whereby the vibrations of a mechanical sys-
tem are recorded on magnetic tape as an angular modu-
lation of a-carrier frequency, and in which the recording
head of such an instrument is part of the mechanical
system. )

‘A further object of this invention is to provide an in-
strument which renders an angular modulation of a car-
rier frequency, which may be either frequency modulation
or phase modulation, during recording on a magnetic
tape to provide a very accurate method of measuring
and recording acceleration, velocity or displacement.

‘In a co-pending application by Guttwein and Priebe
entitled “Magnetic Recording Accelerometer,” Serial No.
229,242, filed May 31, 1951, a simple method for measur-
ing and recording accelerations which utilizes magnetic
tape recording has been disclosed. The accuracy of
such a method is limited, however, because the playback
voitage of a simple magnetic recordmg system exhibits
smali amplitude fluctuations which are caused by irrégu-
larities of the recor dmg systems. - Where a high accuracy
is necessary, a carrier frequency: is generally recorded
on the magnetic tape which carries the information in
the form of a frequency modulated signal. :The signal
output in such a system depends only upon the modu-
lation frequency and not upon the carrier amplitude.
The effect of all irregularities of the recording medmm are
eliminated in this manner.

The general theory of operation of seismic accelérom-
eters is well known to those skilled in the art, being
outlined in “Mechanical Vibrations,” page 75, by Den
Hartog, 3rd ed.,” 1947, published by McGraw-Hill. A
spring-mounted mass moves relative to the supporting
framework which is subject to vibration of ‘acceleration.
The reaction of the spring-mounted mass against the
acceleration of the supporting framework will cause de-
flection of the spring. In a seismic'accelerometer the
natural frequéncy of the mass-spring system should be
at least twice as high as the highest frequency of
the accelerations to which the framework is. sub-
jected, in order for the
to represent with substantial accuracy the acceleration to
which the system is subjected. Because an impure motion
contains harmonics of frequencies higher than the funda-
mental, one of these frequencies may be very .close to
the natural frequency of the instrument. In. order to
avoid this dxﬁiculty an accelerometer is: provided with

suitable damping means, whlch may employ a fluid ¢r a -

magneti¢ damper. .
£5

deflection of the spring

b

- 10

15

20

25

30

40

45

60

55

60

@5

70

2

Heretofore, it has been customary to use a recording
stylus and a wax paper record in accelerometers.” How-
ever, since the amplitudes of vibration of the vibrating
systemare normally very small, in order to obtain a
sufficient deviation of the tracing mark on the wax paper
for an accurate record, it was necessary to employ a
vibrating system having a low natural frequency. This
requirement ran counter to the inherent requirement of
any accelerometer of the seismic type that the vibrating
mass-spring” system have a natural frequency which is
at least twice as high .as the highest frequency of the
accelerations to be recorded. In addition, an unknown
and varying damping component was introduced in the
recording ‘system due to-the friction between the stylus
and the wax paper record.

These difficulties  are overcome in the present inven-
tion by forming a magnetic trace on the recording medi-
um.,  Th recording stylus is in the form of a magnet
which does not physically contact the recording medium.
In response ‘to the accelerations to be recorded the mag-
net moves in-a path which is substantially parallel to the
direction - of moveément of the recording medium while
being maintained substantially at the same distance there-
from.’

A further advantage of the present invention lies in
the fact that optical inspection of the recorded informa-
tion is mot necessary because a magnetic playback device
transfers the recorded information into an electrical
signal. '

In the accompanying drawings, which are given by way
of illustration only, Figure 1 shows a schematic view of
a recording vibration meter, showing in elevation the
relative positions of the spring-mounted magnet, the re-
cording medium, and tape speed error recording means, -
while Figure 2 shows, in partial block diagram and par-
tial schematic, one type of playback device incorporating
tape speed error correction means,

Referring to Figure 1, a housing 9 and base plate 13
serve to” enclose the instrument, which may be either
attached to a vibrating body to be studied under test,
or alternatively may be held in the hands of the operator
while recording the vibrations of such body. A magnetic
recording head 1 is attached to a vibrating reed 2, which
is clamped at the other end into the housing 9. The
mass of the recording head and the elasticity of the reed
form a mass-spring seismic system, it being readily ap-
parent that reed 2 acts as a cantilever leaf spring. Suit--
able damping means, which may be of either the fluid or
magnétic type, are indicated generally at 3. The coil -
4 of the magnetic recording head 1 is emergized by the
ouiput of the carrier frequency oscillator 5. This oscil-

“lator ‘generates a constant frequency potential having

sufficient amplitude to saturate one path or channel area
lecated to one side of the longitudinal axis of the mag-
netic -tape § which is traveling in a vertical direction.
Any conventional tape drive means may be ernployed'
for example a pre-loaded spring clockwork mofor, or a
fractional horsepower synchronous motor may be used
to move the tape at a substantially constant speed The
particular drive means ~employed forms no part of thls
invention.:

In operation, when the instrument is attached to a
vibrating body under test, the -shocks and vibrations oc-
curring in vertical directions will cause a vibration of the
magnetic recording head 1 which is the seismic mass of
the system. As pointed out above, the magnet does not
physically contact the recording medium, but moves in-
a path substantially parallel to the direction of movement
of the recording tape; hence the relativé velocity between'
tape and head will change. In this manner an angular
micdulation of the recorded frequency will result whlch

- ‘is-proportional to the applied mechanical signal;
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If the natural frequency of the seismic system (con-
sisting of mass 1 and spring 2) is ‘higher than the signal
frequencies to be measured, a constant deflection of the
recording head independent of frequency will result for
a constant acceleration of the base plate.
circuits used in the repreducer.can be designed . ‘in such
a manner that the instrument will serve either as an ac-
celerometer or as a veloc1ty méter. - If. the ‘natural fre-
quency of the seismic system is :made. Iower than the
signal frequencies, the velocity of the recording head wiil
be proportxonal to the velocity of the base platé. Such a
design is suitable for a velocity meter, -

In order to measuré the displacement of a v1bratmg

body X, as indicated in Figure 1, an instrumernt.may be
used which employs a: mechamcal link between the vibrat-
ing body and the seismic mass .of the recording bead. In
"Figure 1 this. link consists of the rod 7 which. transmits
the displacement of the structure or body X to the re-
cording head 1. In practice, these ‘hand-held 1nstruments
may be constructed somewhat dlﬂerently than those in-
struments which are to be attached to the vibrating body
under test. To simplify the- accompanying drawings,
however, Figure 1 is used to illustrate the principle of the
hand-held instrument. Similar instruments for measuring
the displacement of a. separate vibrating body X, operat-
ing on a purely mechanical basis wherein a pointed stylus
traces a record on wax paper, have been found very satis-
factory as long as the vibration frequencies were low and
the vibration amplitudes relatively lange. The principle
of angular medulation embedied in. my invention is very
sensitive, and capable ef indicating extremely small deflec-
tions. The instrument outlined above, therefore, will con-
siderably increase the frequency and amplitude range over
that provided by the mechanical displacement indicators
of the prior art.

A second recording head 8, identical to-head 1 and.fed
by the same oscillator 5, is provided in the instrument.
The head 8 is solidly mounted within the instrument hous-
ing and records a second channel or path located on the
opposite side of the longitudinal axis of tape -6 from that
occupied by the portionrecorded by head 1. In an.angular
modulated system, the signal amplitude is converted to
deviation of the carrier frequency. -Additional changes
of frequency, which are introduced in the system, will
affect the accuracy of the measurement. A changeof the
tape speed will correspond to a change of the carrier fre-
quency. It cannot be expected that the tape speed will
remain constant under shock conditions. Any fluctuations
of the tape speed are recorded on the sccond channel as
a. frequency modulation of the carrier. The .applied
mechanical signal does not affect this channel. In the re-
producer, the output of the second: channel is used for
correction of errors which may arise due to inconstancy
of tape speed..

Figure 2 indicates one of the ways in which such an

error correction may be accomplished. The output of

the playback head of channel 10, which reproduces the
mechanical displacement signal, is fed through an ampli-
fier and limiter 11 to a discriminator 12. 'The second
playback head 20, reproducing the tape speed error func-
tion, is connected in the same manner through amplifier
and limiter 21 to a discriminator 22. The outputs of the
two discriminators, 12 and 22, are connected in opposite
polarity. If no mechanical signal is applied to the vibra-
tion. méter, but a fluctuation: of the tape speed should
occur; a voltage corresponding to that fluctuation will
appear between voints A and B (Fig. 2). The same velt-
age, due to the symmetry of the system; but 180° out of
phase,; will appear between points C and D.. These two

voltages cancel each. other and no voltage will exist be~

tween. points A.and ID;.e. g.,.the output’.of the playback

system. taken: across resistor’ R does not. depend upon.

fluctuations’ of. the: tape speed.

The method outlined above ‘is not-the: only one which.
The ‘technical Te-

can be employed in..the: reproditcer.

The ¢lectric .
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4 .
quirements for the vibration meter will vary w1th respect
to the typé of miofion fo be measured, sensitivity, tape
speed, amplitude and frequency range. Such requirements
will determine the details of the angular modulation sys-
tem, which in turn, will govern the design of the re-
preducer. It might be advantageous in some cases to use
a frequency conversion to a higher carrier frequency prior

- to demodulation or to convert the-output of the playback

heads to a train-of pulses.-
What I elaim is:
LA 1ecoxdmg mass- sprmg v1brat10n instrument com-
pmsmg in combination, & hotiSing, a cantilever leaf spring

-attached at one end to saldllousmg and-having a free end

movable along a single axis, & damping means connected
to said leaf sprirg ‘near its fice end, a magnetic record-
ing head carried by the free end of said cantilever leaf
spring whereby said head will act as a seismic mass, means
for -energizing said irecording head with a potential of
predetermined. freguency, -a. -magnetizable recording
medium, and means for passing said -medium past said
recordmg ‘head mass in-close-adjacency thereto in a direc-
tion -substantially parallel -to-the axis along which said
recording head mass is permitted to move.

2. A recording mass-spring vibratien instrument com-
prising, in .combination, a housing, a.first magnetic re-
cording head, means whereby said head will act as a
seismi¢ :mass, :said means including means connected to

. said -housing -and to said -first magnetic recording head

for resiliently supporting said‘head to permit displacement
of said head along -one-axis only with respect to said
housing in response. to-acceleration of said housing, a sec-
ond magnetic recording head rigidly connected to said

“housing, -irieans for -energizing said recording heads with

a-potential -of predetermined frequency, -a ‘magnetizable
recording medium and .means. for passing said medium
past both said recording heads in close ‘adjacency thereto
in: a.direction substantially parallel to the-axis along which

“said first recording head may move upon displacement,

said: second recording head being offset from said first re-
cording head in: & direction at right angles to the direction
of motion of said recording medium: whereby two inde-
pendent tracks: are recorded upon said recording medium.

3. .A. recording mass-spring vibration instrument com-
prising, in combinatién, a housing, a first magnetic re-
cording head, means whereby said head will act as a
seismic mass, said means including means connected to
said housing: and te said first magnetic recording head
for resiliently supperting said head to permit displacement
of said head along one axis only with respect to said
housing in response to-acceleration of said housing, a sec-
ond magnetic recording head adjacent thereto and rigidly
connected -to said housing, means for energizing said re-
cording “heads -with a potential of predetermined fre-
quency, a magnetizable recording medium, and means for
passing’ said medium’ past beth said recording heads at a
substantially uniform: velocity in a- direction substantially
pasallel to the -axis along which said first recording head

'is free to move to’ produce ed said medium adjacent mag-

netized records

4. A recording mass-spring vibration instrument com-
prising, in combination, a housing, a first magnetic re-
cording head, means whereby said head will act as a
seismic mass; said: means including means connected to
said housing and-to-said first magnetic recording head
for resiliently supporting said head to permit displacement
of said head along one axis only with respect to said
housing in' response to acceleration of said housing, a sec-
ond -magnetic recording head rigidly connected to said
housing, means for energizing both said recording heads
with -a potential of predetermined frequency, a mag-
netizable record-medium, means-for passing said medium
past both said recording. heads-at a substantially uniform
velocity: it a- direction- substantially: parallel to the axis
along which: said- first recording-head. is free to move- to:
produce on said medium a first angularly medulated com-
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posite record of any movement of said first magnetic re-
cording head plus any fluctuations in the velocity of said
recording medium and a second angularly modulated
record of only the fluctuations in velocity of said record-
ing medium whereby said recording medium will carry, 3
in fixed time relationship to the record of movements of
said first magnetic recording head, a separate record of
any undesired fluctuations in the velocity of said record-
ing medium which took place during the recording process.
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